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Summary
- Individuals and basal area are not distributed evenly between 
species or throughout the plot
- No trend was observed supporting niche partitioning or 
environmental filtering
- The majority of trees are Acer saccharum saplings.
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-Identified all 1161 trees in 1ha area
-Measured diameter at breast height 
(DBH) and location of each tree
-Removed tree cores from two trees 
of each species
~Dried and weighed cores  
to calculate wood density
-Collected 3 leaves from 3 trees of 
each species
~Measured the area, dried, 
and weighed each leaf to  
calculate specific leaf area
-Compiled data from a variety of 
databases on seed mass and 
height at maturity
High quantity of maples:
One reason why A. saccharum is dominant in the understory may be due to 
disproportionate effects of deer and garlic mustard. Fire supression in Ohio in recent 
decades may also play a role. Historically, wildfires may have promoted oak growth by 
reducing the survival of more fire-sensitive species (Hutchinson et al., 2005). Studies 
have shown that oak seedling regeneration is low in many oak-hickory forests, with fire 
suppression thought to be the primary cause (Hutchinson et al., 2005).
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Each species in a community has a unique life-history strategy that allows it to survive and 
reproduce. All ecological strategies involve trade-offs – more energy is required to produce a 
large seed than a small seed, but large seeds are often more successful in poor-quality 
environments. These trade-offs allow for a variety of ecological strategies.
Functional traits indicative of overall plant strategy:
Specific Leaf Area (ratio of leaf area to leaf dry mass):
∙Demonstrates the trade-off between area available for photosynthesis and growth of 
longer-lasting leaves more resistant to herbivory (Wright et al., 2001)
Wood Density:
∙Demonstrates the trade-off between high growth rate and resistance to drought (Preston 
et al., 2006)
Height at Maturity:
∙Related to competitive ability for light, with more competitive individuals growing the 
tallest and gaining access to more sunlight (Lavergne et al., 2003)
Seed Mass:
∙Measure of seed dispersal and also demonstrates the trade-off between the energy 
involved in producing many small seeds or few larger seeds more likely to establish 
successfully (Westoby, 1998)
When measurements of these traits are combined in a multi-dimensional space we can 
visualize whether species are clumped together or mixed within the space. The location of 
each species in this space indicates its ecological strategy (Westoby, 1998). These spatial 
relationships can then be related to environmental factors to determine whether or not 
species with similar functional traits, and therefore similar ecological strategies, share similar 
environmental conditions.
Species Composition Hypotheses:
Niche Partitioning:
∙Species that have similar life-history strategies compete for resources and competitively 
exclude each other from certain areas
∙Leads to communities made up of species that differ significantly in at least one functional 
trait in order to effectively ‘partition’ the niches (Mouillot et al., 2005)
Environmental Filtering:
∙Environmental factors, such as soil nutrients or water content, serve as filters to select a 
narrow range of species that are most suited to specific environments (Mouillot et al., 2005)
∙Leads to communities made up of species with similar functional traits
Study Area: Bishop’s Backbone section of the Brown Family Environmental Center at 
Kenyon College, Gambier, Ohio. The area contains an oak-hickory dominated forest in a 
range of environments, from a hillside to a riparian area with a small stream (Wolf Run).
Tree species composition:
∙Individual trees and basal area of 25 species are 
not evenly distributed
Acer saccharum [     ]:
Most abundant - 66% of individuals
- Only 11% of basal area
Fagus grandifolia [     ]:
Second-most abundant - Only 1.5% of individuals
Quercus alba [     ]:
Most dominant - 26% of basal area
- Just over 1% of individuals
Seed mass:
∙ Basal area is composed of species in two 
groups with different seed size
∙ Just under half of the basal area is made up 
of species with small seeds
∙ About 40% of the basal area is made up of 
species with large seeds
∙Red line: predicted results following niche 
partitioning hypothesis: dissimilar species would 
be found closer together
∙Blue line: predicted results following the 
environmental filtering hypothesis: similar species 
would be found closer together
∙Result: No observed trend between mean 
geographic distances between individuals of each 
species and the trait distance between species, 
as calculated using the PCA plot coordinates for 
each species’ traits
Principle components analysis:
∙Two main components explain most of the 
variability in trait values between species
-First component (x-axis) relates specific leaf 
area and seed mass
-Second component (y-axis) relates wood 
density and maximum height
∙Closely related species cluster in specific 
regions of the space, e.g. Fagaceae family (oak, 
beech) [   ]; Juglandaceae (hickory, walnut) [   ]; 
Aceraceae (maple) [    ].
Niche partitioning vs. environmental filtering:
We found no trend supporting either the niche partitioning or environmental filtering 
hypotheses. Weiher and Keddy (1995) describe how observed patterns of community 
assembly are scale-dependent. In communities that are not highly environmentally 
stressful, niche partitioning is observed at very small scales (when individual trees 
compete for resources), environmental filtering is observed at large scales (influenced 
by landscape-level environmental gradients), and random distribution is observed in 
the mid-range scales. The 1ha area of this study may fall in these mid-range scales. 
I would like to thank Professor Andrew Kerkhoff for his assistance throughout all stages 
of this project and Juliana Kunz for her assistance in the field. Funding was provided by 
the Kenyon College Summer Science Fund.
-More 1 ha plots will be constructed and sampled in the next couple of years, with a 
projected total sampled area of 4-6 ha.
-Invasive species should be monitored, especially garlic mustard. Studies could be 
done to more explicitly examine garlic mustard’s effects on seedlings.
-The effect of deer on tree regeneration should also be studied, potentially through 
deer exclusion experiments.
-Resurvey the Bishop’s Backbone plot in 5-10 years.
Lack of regeneration:
While mid-sized understory trees were prevalent in the plot, there were few small trees. 
This suggests that there is a lack of regeneration within the community. Two factors 
may be playing a role in limiting recruitment: deer browsing and invasive species.
Deer can decrease both seedling and sapling growth and survival through browsing, 
especially in areas with high deer densities (Rossell et al., 2005). Additionally, Rossell 
et al. (2005) observed that deer consume species selectively. This preferentiality has 
the potential to reshape the species composition of forests.
The invasive herb Alliaria petiolata (garlic mustard) has spread rapidly throughout the 
area within the past decade and dominates the plot understory. It is thought to strongly 
affect native plants by disrupting mycorrhizal associations between fungi and native 
plants thought allelopathic interference and to suppress the growth of tree seedlings 
(Stinson et al., 2006). The abundance of mid-size saplings, which would have passed 
through earlier life stages prior to the invasion of garlic mustard, and few seedlings 
shows further preliminary support for this idea of seedling suppression.
Distribution of basal area among 
different diameter classes
Trail map of the Brown Family Environmental Center,
Gambier, Ohio. Sampled plot is represented by the green rectangle.
Niche partitioning
Environmental filtering
Alexandra Lodge ‘07 and Andrew Kerkhoff, Department of Biology, Kenyon College, Gambier, Ohio
∙ Species distribution within the plot 
is highly heterogeneous.
∙ Scatter shows the geographic 
locations of all 1,161 trees sampled 
in the plot.
∙ Circle size indicates the log-
scaled diameter at breast height of 
each tree.
In order to characterize a 1ha plot in the Bishops Backbone, Gambier, Ohio, 1161 trees were 
identified during the summer of 2006. Acer saccharum was the most abundant species while 
Quercus alba comprised the most basal area. Information on specific leaf area, wood density, 
height at maturity, and seed mass for each species were measured or obtained from the 
literature. Basal area was distributed between species with large seeds and those with small 
seeds, with no species producing medium-sized seeds. There was no trend between mean 
geographic distance between species and distance between trait values, suggesting that 
neither the niche partitioning nor environmental filtering hypotheses were supported at the 
scale of this site. A very high proportion of trees were Acer saccharum. Additionally, there was 
little regeneration of tree seedlings observed, possibly due to invasive plant species and deer 
browsing.
Kenyon 
College 
Observatory
To Kenyon
Bishop’s 
Backbone 
Plot
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Fagus grandifolia
Carya glabra
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Celtis occidentalis
Prunus serotina
Ostrya virginiana
Sassafras albidum
Acer rubrum
Fraxinus americana
Quercus rubra
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Map of Trees in Plot
Results
∙ Three species are among both the 
top five dominant species and the top 
six abundant species –
Acer saccharum [     ]
Liriodendron tulipifera [      ]
Carya cordiformis [      ]
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Niche partitioning or environmental filtering?
